Abstract: This paper presents the free vibration response of piezo laminated composite geometrically nonlinear conical shell panel subjected to a thermo-electrical loading. The temperature field is assumed to be a uniform distribution over the shell surface and through the shell thickness and the electric field is assumed to be the transverse component E 2 only. The material properties are assumed to be independent of the temperature and the electric field. The basic formulation is based on higher order shear deformation plate theory (HSDT) with von-Karman nonlinearity. A C 0 nonlinear finite element method based on direct iterative approach is outlined and applied to solve nonlinear generalized eigenvalue problem. Parametric studies are carried out to examine the effect of amplitude ratios, stacking sequences, cone angles, piezoelectric layers, applied voltages, circumferential length to thickness ratios, change in temperatures and support boundary conditions on the nonlinear natural frequency of laminated conical shell panels. The present outlined approach has been validated with those available results in the literature.
Introduction
The laminated composite structures are one of the most important structural material due to their superior struc- tural performance with outstanding properties such as high specific strength and stiffness, better corrosion and fatigue resistance, and design flexibility as per requirements. Shell panels are the basic structural element of modern technology. In shell panels, a conical shell panel is being widely used structucture in aerospace application for rocket interstages, satellite carrier adapters for spacecraft launchers, payload fairings (launch vehicle fairings), radomes, spacecraft fittings, missile motor cases, fuselage and fuel tank components for aerial vehicles, etc. During applications, this structure is subjected to very high intensity of thermo-eletro-mechanical loadings. To avoide the resonance free structure, the analysis of nonlinear free vibrations of conical shell panel is nessesary for optimum performence. Aside from this, the analysis of thermal loading is also extremely important for the structural integrity and stability of the structures. Analysis of direct and converse piezoelectric effects is necessary by coupling surface bonded or embedded piezoelectric actuator and/or sensor layers which act as a transducer between electricity and mechanical stress can add an advantage by automating the vibration control.
Certain efforts have been made in the past by researchers for the prediction of structural responses with and without use of thermo-piezo-electro-mechanical loadings on conical shell panels to evaluate the various responses such as buckling, vibration, bending and failure etc. For example: Correia et al. [1] carried out the structural analysis of laminated conical shell panels using a quadrilateral isoparametric finite element with the application of higher-order shear deformation theory (HSDT) in which the displacement expressions used for longitudinal and circumferential components of displacement field are given by power series of the transversal coordinate. Patel et al. [2] studied the thermoelastic post buckling behavior of cross-ply laminated composite conical shells under uniform temperature distribution in which critical temperature parameter values corresponding to the onset of bifurcation have been compared with linear eigenvalue analysis. A semi-analytical shell finite element model is de-veloped with piezoelectric ring actuators/sensors for active damping vibration control of structures using mixed finite element approach by Correia et al. [3] . Kulkarni et al. [4] presented a finite element formulation for degenerate conical shell element using HSDT with piezoelectric material assuming a parabolic shear strain variation over the thickness. Moita Jose et al. [5] developed a finite element formulation based on Kirchhoff classical laminated theory for active vibration control of plate laminated structure with integrated piezoelectric sensors and actuators using Kirchhoff classical laminated theory. Abdullah et al. [6] reported the prediction of the buckling and dynamic response of laminated composite structures considering the material properties as deterministic. Bhimaraddy et al. [7] developed an isoparametric finite element analysis for laminated shells of revolution by taking into account the effects of shear deformation and rotary inertia. Singh et al. [8, 9] developed a finite element method in conjunction with the first order perturbation technique for thermal buckling analysis of laminated composite conical shell panel with and without piezoelectric layers. The theory is developed for nonlinear free vibration of the conical shell [10, 11] . Ganesan et al. [12] analyzed the piezoelectric composite cylindrical shells operating in a steady state axisymmetric temperatures using FEM in which the influence of axisymmetric temperature on the natural frequencies and the active damping ratio of the piezoelectric cylindrical shell is also examined. Numerical analysis for free and forced vibration analysis have been carried out for composite conical and cylindrical shells with various approaches [13, 14] . Hu et al. [15] developed a methodology for vibration of twisted laminated composite conical shell panels using thin shell theory and the principle of virtual work. Free vibration analysis is carried out for metal and ceramic functionally graded conical shells using first order theory by Zhao et al. [16] . Various theories have been developed for the free vibration analysis of plate structures along with the basic theories for composite structures [17] [18] [19] . Free vibration of plate structures with or without piezoelectric materials using finite element method based on HSDT with Green Langragian nonlinear strain displacement relation is carried out by Dash. et al. [20] . Tripathi et al. [21] analyzed the free vibration analysis for a conical shell with random material properties and also obtained natural frequency results for a conical shell by varying geometrical parameters. Sofiyev et al. [22] carried out the analytical procedure for the study of free vibration and stability characteristics of homogeneous and nonhomogeneous orthotropic truncated and composite conical shells with clamped edges under uniform external pressures. Chih et al. [23] presented a solution of laminated composite conical shells subjected to axisymmetric loads using perturbation method. Korjakin et al. [24] carried out the damping analysis for free vibration of laminated composite conical shells using first order shear deformation theory in connection with energy method. Chang et al. [25] developed the frequency equations for free vibration of the conical shell with various end conditions but free from the in-plane shearing force along with the asymptotic expressions. Bardell et al. [26] carried out a general analysis of the vibration characteristics of thin, open, conical isotropic panels using the h-p version of the finite element method in conjunction with Love's thin shell equations. Lim et al. [27] developed a mathematical model for free vibration of shallow composite conical shells in an effort towards accurate modeling of turbomachinery blades in which the study focus is on glass/epoxy conical shells with four and eight ply laminates. A global computational approach based on the external energy principle is employed to derive the eigenvalue equation. Singh et al. [28] carried out vibration analysis of composite plates using higher order shear deformation theory and obtained results for fundamental natural frequency of composite plates. Lim et al. [29] carried out analysis for vibration behavior of shallow conical shells by global Ritz formulation based on the energy principle. Lal et al. [30] examined the second order statistics of nanlinear natural frequency of piezolaminated composite conical shell panel subjected to thermo-electro-mechanical loading using HSDT based on C ∘ nonlinear finite combined with SOPT . Lal et al. [31] evaluated the second order statistics of post buckling response of laminated piezoeltric composite plate resting on elastic foundation using micromechanical approach in the framework of HSDT in conjunction with SOPT. Chaodhari et al. [32] evaluated the statistics of nonlinear fundamental frequency response of elastically supported carbon nanotube-reinforced cvomposite beam with the thermal environment in non-deterministic framework using C ∘ nonlinear finite element method combined with second order perturbation method. Zhao et al. [33] , evaluated the free vibration analysis of conincal shell panels using element free Galerkin's method using classical thin shell theory based on Love's hypothesis. Jooybar et al. [34] , evaluated the thermally induced free vibration response of functionally graded truncated conical shell panels using the first-order shear deformation theory (FSDT). It is evident from the available literature that the studies on nonlinear free vibration analysis of piezolaminated composite conical shell panel subjected to thermoelectrical load are rearly dealt by the researchers due to the complexity associated with the conical shell panels. In the present work, an attempt is made to address this prob-lem by using computationally efficient C 0 nonlinear finite method. The contribution of this paper is to compute the nonlinear natural frequency of piezolaminated composite conical shell panels subjected to thermopiezoeletric loadings using a direct iterative based C 0 nonlinear finite element method with HSDT in von-Karman nonlinearity. To implement this theory, a suitable C 0 continuous isoparametric finite element method with seven DOFs per node is proposed in order to reduce the computational efforts required in the formulation of element matrices without affecting the solution accuracy. 
Formulation
A composite laminated conical shell panel of top radius R 1 , bottom radius R 2 , thickness h, circumferential length (LC) and half semi-cone angle (φ) consist of N layer parallel fibers embedded in a matrix with its coordinate definition and material direction of a typical lamina are shown in Figure 1 . Let (u1, u 2 , u 3) be the displacements parallel to the coordinate system (s, θ, z) located on the reference plane (z =0) of the conical panel are shown in Figure 1 . It is assumed that a perfect bonding exists between the fibers and the matrix so that no slippage can occur at the interface and the strains experienced by the fiber, matrix, and composite are equal. The fibers are assumed to be uniform in properties and diameter continues and parallel throughout the composite. It is also assumed that the composite behaves like homogeneous composite material and the effects of the average constituent's materials (i.e., matrix and fiber) are detected combined. All the formulation part is confined here with the assumption of a linear elastic material behavior with large displacement and strains assuming von-Karman type. The assumed displacement field to model the conical shell panel is based on the higher order shear deformation theory (HSDT) with von-Karman nonlinearity. The condition of zero transverse shear stresses on the top and bottom of the conical shell is imposed to determine the higher order terms on the displacement field. After imposing these conditions, the displacement field as given in [1] for the conical shell/panel is modified and expressed as:
placements of a point on the middle surface with βs and β θ as the rotations of the normal to the mid-plane about s and θ direction, respectively and R θ is the principal radius of curvature in the θ direction. From eq. (1), it can be observed that the expression for in plane displacement u 1 and u 2 involve the derivatives of out of plane displacement w, as a result of this, second order derivatives would be present in the strain vector, therefore it is the necessity of the implement of C 1 continuity. The complexity and difficulty involved with making a choice of C 1 continuity (for solving partial differential equations) are well known in order to avoid some difficulties associated with these elements; the displacement field model has been slightly modified to make it suitable for C 0 continuous element [19] . The C 0 continuous element permits easy isoperimetric finite element formulation and consequently can be applied for nonrectangular geometries as well. Thus five DOFs with C 1 continuity given in eq.
(1) can be increased to 7 DOFs with C 0 continuity due to conformity with HSDT. In this change, the artificial constraints are imposed, which can be enforced variationally through a penalty approach, in order to satisfy the constraint emphasized. However, the literature [19] demonstrated that without enforcing these constrains, accurate results with C 0 continuity can be obtained. The displacement model is given in eq. (1) can be written in the modi-fied form as
where the function f 1 (z),f2 (z), θs and θ θ can be defined as
θs = ∂w ∂s and θ θ = ∂w ∂θ with
The displacement vector for the modified C 0 continuous model is denoted as
The electric potential generated for the piezoelectric layer is assumed asϕ is electric potential, which can be assumed as
where ϕ (0) , ϕ (1) and ϕ (3) are the electric potential terms. The nonlinear coupled piezothermoelectric constitutive equations can be written as of an orthotropic layer/lamina (say p th layer) having any fiber orientation with respect to structural axes system (s − θ − z) [35] 
(i, j = 1, 2, ..., 6 and k, l = 1, 2, 3)
where C p ij is the reduced elasticity constants matrix and ε L ij , ε NL ij , ε T ij are the linear, nonlinear and thermal strain vector, respectively, e kl is the matrix of the piezoelectric coefficients, E k is the electric field vector, ∆T is the temperature rise from a stress free reference temperature, D k is the electric displacement vector, ξ kl is the dielectric coefficient matrix, and p k is the piezoelectric constants vector. The electrical field E is calculated based on the gradient of the electric potential given in Eq. (5).
From Eq. (6a) linear strain tensor can be rewritten as
where Hmn is the function of Z and unit step vector defined in the appendix (A.1) and ε kl is reference plain linear strain tensor defined as
Assuming that the strains are much smaller than the rotations (in the von-Karman sense), one can rewrite nonlinear strain vector {︁ ε NL ij }︁ of the Eq. (6a) as [36] ,
where
}︁ given in Eq. (6) can be represented as
where α 1 and α 2 are thermal expansion coefficients along the s, and θ direction, respectively which can be obtained from the thermal in the longitudinal (α l ) and transverse (α t ) directions of the fibers using transformation matrix and ∆T is the change in temperature in the shell panel subjected with uniform temperature rise.
The electric field vector {︁ ε V ij }︁ given in Eq. (6) can be represented as
where d 31 and d 32 are the piezoelectric strain constant of a single ply along the s, and θ direction respectively which can be obtained from the thermal in the longitudinal and transverse directions of the fibers using transformation matrix and Ez, V k , t k are the electric field along the thickness direction, applied voltage across the k th ply and thickness of the ply in the shell panel subjected with uniform electric field rise. From Eq. (6a), the electric field vector E k is calculated based on the gradient of the electric potential φ can be written as (10) where H mnϕ is the function of z and unit step vector of piezoelectric layers defined in the appendix (A.2) and ε ϕ kl
where, Es, E θ , and X are electric field vector along s, θ, z direction, respectively, and H mnϕ is the unit step vector of electric field vector. From Eq. (2) the displacement components at any point within the cone may also be expressed as
The Eq. (11a) can be rewritten in general form
where u i is the displacement vector of any point in the reference plane and S kl = function of z and unit step functions defined in the appendix (A.3). The total energy of the system consisting of linear, nonlinear and piezoelectric stain energy of the conical shell panel with work done due to thermal and electrical loading can be expressed as
From Eq. (12) the linear stain energy of the conical shell is given by
where Dmn is the laminate elastic stiffness matrix defined in the appendix (A.4). From Eq. (12), the nonlinear strain energy matrix can be rewritten as
where D NL ijkl is the laminate stiffness matrices defined in the appendix (A.5).
Using Eq. (9), the Eq. (14a) can be expressed as
where D 3 , D 4 and D 5 are the laminate stiffness matrices of the conical shell panel defined in appendix (A.6). From Eq. (12), the work done due to thermal loading can be written as
where B j is the geometric stiffness matrix defined in appendix (A.7). The parameters N T 0 is the thermal compressive stress resultant matrix defined in the appendix (A.8) and λ T is the critical thermal parameter.
From Eq. (12), the work done due to applied electric field can be written as
where N V 0 is the applied electric field stress resultant matrix defined in the appendix (A.9) and λ V is the critical electric field parameter.
From Eq. (12), the strain energy due to piezoelectric layers can be rewritten as
From Eq. (15), the linear strain energy due to piezoelectric layers (︀ U ϕL )︀ can be rewritten as
where D 1P and D 2P are defined in appendix of (A.10) and (A.11), respectively. The Eq. (15), the nonlinear strain energy due to piezoelectric layers (︀ U ϕNL )︀ can be rewritten as
where D 6 , D 7 are the linear piezoelectric stiffness matrices defined in appendix of (A.12). The kinetic energy of vibrating cone can be expressed as
where ρp,M jk are mass density of the p th element and the element consistent mass matrix defined in the appendix (A.13), respectively and the dot indicates derivative with respect to time "t."
Governing equation of motion
The equation of motion for nonlinear free vibration response of the laminated composite cone in thermal environmental can be derived using Hamilton's variational principle
Using Eqs. (13), (14a), (14b), (14c), (14d) and (16) the strain-displacement relation (defined in appendix) in the reference plane, which is derived and expressed as
The above eq. (18) can be further written as
In the present study, a nine-noded quadrilateral C 0 isoparametric element with the seven field variables per node (s, θ, z, θs, θ θ , βs and β θ ) is employed. The generalized field variable (f ) at any point within the element is expressed in terms of nodal variables as follows:
where f i is the field variable corresponding to the i th node; N i is the shape function associated with the ith node and nn is the number of nodes per element, which is nine in the present study. Using the Eq. (20), the strain tensor E i j and the displacement vector uα may be expressed in terms of nodal displacement vector {δ} as ε ij = B ijα δα, uα = P ijα δα (21) where B ijα is the strain displacement matrix. Substituting the above finite element approximations of Eq. (20) into Eq. (19), the finite-element equations of motion are obtained as
In the above equation, M αβ (bρ) and K αβ (bρ) are the mass and stiffness tensor.
The finite element equations of motion, [Eq. (22)] may be further written with the help of a trial function δ β (bρ; t) = q β (bρ) exp[i(t − t 0 )] in the form of standard eigen-value problem for free vibration analysis having one system of n static equations (time is assumed as deterministic) can be expressed as:
are defined as global (system) eigen vector, linear, nonlinear, geometric stiffness (arises due to thermoelectrical loadings) matrices, elective field stiffness, coupling matrix between elastic mechanical and electrical effects, dielectric stiffness matrix, mass matrix and system eigenvalue, respectively [30] . The parameters [N 1 (δ β )] and [N 2 (δ β )] are global nonlinear stiffness matrices which are linearly and quadratically dependent on the displacement vector, respectively [33] .
Eq. (23) The nonlinear eigenvalue problem as given in Eq. (23) is solved by employing a direct iterative method based on C 0 nonlinear finite element with the following steps
Step 1: By setting amplitude to zero, the linear eigenvalue problem [K αβ q β = λ β M αβ q β , λ β = ω ij 2 ] is obtained from Eq. (22) with all nonlinear terms set to zero, by assuming that the system vibrates in its principal mode to obtain the linear eigen value and eigen vector.
Step 2: The mean mode shape of the desired linear mode is normalized with respect to given amplitude at the point of maximum deflection.
Step 3: Using the normalized mode shape, the nonlinear stiffness matrix is computed with this initial displacement.
Step 4: By applying these stiffness matrices the eigenvalue problem is then solved to obtain new eigenvalue and corresponding eigenvectors.
Step 5: Steps (2) to (4) are repeated until convergence (≤ 10 −2 ) is attained for maximum displacement {δ β }maxand the corresponding mean natural fre- 
Results and Discussion
The direct iterative based C 0 nonlinear finite element method outlined for nonlinear free vibration is applied and illustrated for different boundary conditions, piezoelectric layers, circumferential length to curvature ratios, amplitude ratios, lamination schemes, cone thickness ratios and thermal and electrical loading. A nine noded Lagrangian isoparamatric element, with 63 degrees of freedom (DOFs) per element for the present HSDT model has been used for discretizing the laminate. Based on convergence study conducted a (4 × 4) mesh has been used throughout the study. A computer program has been developed in MATLAB R2009a environment to generate the numerical results. It is noted that for the computation of results full integration (3 × 3) is used for thick shells and selective integration scheme (2 × 2) for the thin shell. In the present analysis, various parameters such as circumferential length to thickness ratios, amplitude ratios, and boundary conditions are used to check the efficiency of the present model. However, present outlined formulation, solution technique, and code do not put any limitations. It is assumed that the materials are perfectly elastic throughout the deformation. The following dimensionless quantity and ratio has been used in this study, ω = (ωa 2 √︀ ρ/E 2 )/h, where, ω, ω, ρ, a, E 2 and h are defined in notation.
The ratio of nonlinear to linear frequency = ω nl /ω l In the present study, various combinations of boundary edge support conditions (BCs) namely clamped, simply supported (S1 and S2) and clamped simply supported boundary condition for conical shell panel has been used for the present analysis. Material properties for composite and piezoceramic are as shown in Table 1 and Table 2 . 
Validation Study
In order to ensure the accuracy and proficiency of present outlined direct iterative based C 0 nonlinear finite element method, three sets of examples have been analyzed for free vibration of conical shell panel.
Example 1.
To make certain accuracy of the present finite element formulation, a convergence study for mean tio R/h = 50 and circumferential length to thickness ratio LC/h = 10 to 40, is carried out as shown in Figure 3 and compared with the available finite element of Tripathi et al. [21] . It can be seen that present results obtained by C 0 continuity are good arguments with the published results.
Example 2.
In this example, the dimensionless nonlinear fundamental frequency of conical shell panel with different amplitude ratios is presented and compared with the Ritz method formulation of Lim et al. [29] as shown in Table 3 . From the [20] . It is also seen that among the given different mesh sizes such as (2x2), 4x4) and (6x6), the results at (4x4) mesh size has been converged and validated with with the available literature [20] . Hence for the further computation of results, total 16 elements with 7 degree of freedoms have been used. The results are presented in table forms for accuracy point of view and some results are presented with various new parameters which clearly emphasis the importance of these parameters on the natural frequency response of the conical shell panel. Table 7 : Effect of lamination scheme, amplitude ratio and frequency mode with position of piezoelectric layer on the dimensionless mean nonlinear natural frequency of conical shell panel. 
Stacking Sequence
W max/h Mode P = 0 P = 1 P = 2 P = 3 0 ∘ /90 ∘ /90 ∘ /0 ∘
Numerical Examples for nonlinear natural frequency
The results of thermoelectrically induced natural frequency of laminated conical shell panels are obtained at various parameters such as symmetric and asymmetric cross-ply and /or angle-ply orientation, various boundary conditions (SSSS (S1), (S2), CCCC and CSCS), different circumferential length to thickness ratio (LC/h), different amplitude ratio (Wmax/h), semi cone angle (φ) and material properties etc. The following parameters are used for computation of results unless otherwise mentioned as φ = 27 ∘ , LC/h = 10, ∆T = 100, ∆V = 100, material number 2 (mentioned in properties table) and SSSS (S2) supported boundary condition. Table 5 presents the effect of amplitude ratio, frequency mode and stacking sequence on the nonlinear natural frequency of piezolaminated conical shell panel subjected to thermo electrical loading. It is observed that for the same frequency mode and piezo laminated layer, the mean dimensionless frequency increases with the increase of the amplitude ratio. It is also observed that higher frequency mode makes the dimensionless natural frequency higher. Moreover, for the same amplitude ratio and frequency mode, the symmetric cross-ply piezolaminated conical shell panel shows the higher natural frequency.
The effect of amplitude ratio with curvature to thickness ratio on the dimensionless natural mean natural frequency of conical piezolaminated simply supported conical shell panel is examined in Table 6 . From the table, it is observed that for the same amplitude ratio and frequency mode, the dimensionless mean natural frequency increases with increase the curvature to thickness ratio. It is because of as the thickness ratio of the panel increases the panel thickness reduces causing it to increase natural frequency. It is also observed that at the same curvature to thickness ratio, the natural frequency of laminated conical shell increases with increase in amplitude ratio and frequency mode.
The effect of the position of a piezoelectric layer with different lamination scheme, for various amplitude ratio and frequency mode and piezolaminated composite conical shell panel, is examined in Table 7 . It is observed that for the same lamination scheme and amplitude ratio, the nonlinear mean dimensionless fundamental frequency is higher for 4 layer cross-ply laminates having piezoelectric layer position 1, while, lowest for 4 layers antisymmetric cross-ply shell having piezoelectric layer position 1. It is true for piezoelectric layers at position 2 and 3. Among the three positions of piezoelectric layer (P) as given in table are considered as for example cross-ply (0 ∘ /90 ∘ /90 ∘ /0 ∘ ) laminated shell panel, then the P = 1 indicates the piezoelectric layer is present at position number 1 as (P/0/90/90/0), similarly for P = 2, the lamination scheme will be as (0 ∘ /P/90 ∘ /90 ∘ /0 ∘ ) and for P = 3, the lamination scheme will be (0 ∘ /90 ∘ /P/90 ∘ /0 ∘ ). Table 8 examines the effect of the material properties with amplitude ratio, frequency mode, curvature to thickness ratio and lamination scheme on the dimensionless mean nonlinear natural frequency of piezolaminated composite conical shell panel in the thermal environment. For the same amplitude ratio, frequency mode and the piezoelectric layer, the mean natural frequency increases for the moderately deep conical shell. It is also observed that the mean fundamental frequency increases and corresponding natural frequency increases as the piezoelectric layer move from the first layer to the second layer. It is due to fact that the piezoletric layeres behaves as senser. Moreover, nonlinear natural frequency higher for the shell panel made of material number 2. It is due to the higher elastic stiffness as compared to material 1.
The effect of support conditions (namely, SSSS (S1), SSSS (S2), CCCC and CSCS), amplitude ratio, frequency mode and curvature to thickness ratio of the nonlinear natural frequency of piezolaminated composite conical shell panel is examined in Table 9 . From the table, it is observed that for the same amplitude ratio and curvature to thickness ratio the nonlinear frequency of CCCC shell panel is highest, while SSSS (S2) shows the least numerical and it is true for all other amplitude ratios. It is due to increased effect of boundary constrains of CCCC shell panel is more as compared to other supported shell panel. Table 10 examines the effect of semi cone angle, amplitude ratio, frequency mode with lamination sequence on the mean nonlinear natural frequency of piezolaminated simply supported conical shell panel. It is observed that the nonlinear natural frequency increases with increase in semi cone angle. When the semi cone angle increases, the structures became more conical and the nonlinear natural frequency increases. It is noted that if the height of the conical shell panel is taken as a constant parameter then the nonlinear frequency of conical shell panel increases with increase in semi cone angle.
The effect of electrical loading, amplitude ratio, frequency mode, material properties and piezolamination scheme are examined in Table 11 . It is noticed that for same amplitude ratio, frequency mode, and material property, the nonlinear natural frequency decreases with increase in the electrical loading. It is due to that electrical loading makes stiffness of the conical shell lower. The nonlinear frequency of shell panel made of material 2 is higher than material 1. It is because of the stiffness of material 2 are higher. Table 12 examines the effect of thermal loading, amplitude ratio, frequency mode, material properties and lamination scheme on the dimensionless mean nonlinear natural frequency of piezolaminated conical shell panel. It is noticed that for same amplitude ratio, frequency mode, and material property, the temperature increment makes the frequency lower. It is due to that temperature incre- ment makes the stiffness of conical shell panel lower. It is also observed that nonlinear frequency of panel is more sensitive to frequency mode 1. It can also be seen that the effect of thermal loading is more dominated as compared to the electrical loading.
Conclusions
A direct iterative based C 0 nonlinear finite element method has been used to obtain the nonlinear natural frequency of piezolaminated composite conical shell panel subjected to uniform thermo-electrical loading acting simultaneously or individually. The following conclusions are noted from the typical results.
1. The nonlinear natural frequency of conical shell panel increases with increase in length to curvature ratios. 2. With increase the amplitude ratio and frequency mode, the nonlinear natural frequency increases. 3. The nonlinear natural frequency of conical shell panel increases with piezoelectric layers and further increases with increasing the piezoelectric layers from the inner side to outer side of the cone from the neutral axis. 4. All edges clamped supported conical shell panel shows higher nonlinear natural frequency as compared to simply supported and clamped and simply supported. 5. Increasing the number of layers initially increases the nonlinear natural frequency but later it becomes constant for a particular circumferential length to thickness ratios. 6. The natural frequency of conical shell panel increases with increase the semi cone angle. 7. There is declination of the nonlinear natural frequency of conical shell panel subjected to thermoelectrical loading acting simultaneously or individually. 
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